Aminolysis of cis-NPCl2(NSOCl)2 by piperidine in acetonitrile at room temperature proceeds via a non-geminal substitution pattern. During the first substitution step the reactivity of a SOCl-centre appears to be greater than that of a PCl2-centre. The second and third substitution step successively take place at the PC12-and remaining SOCl-centre. The different isomeric forms of the mono-, bis-, tris-, and tetrakis(piperidino) derivatives are characterized by means of 31 P NMR data. Application of 13 C NMR leads in two cases to a structure assignment.
Introduction
Recently we discussed the behaviour of cis-NPC12(NS0C1)2 in reactions with some primary and secondary amines [1, 2] . We demonstrated that the place of nucleophilic attack strongly depends both on the bulk of the incoming group and on the solvent used. In this paper we describe an investigation of the substitution pattern in reactions of cis-NPC12(NS0C1)2 with the cyclic secondary amine piperidine, using acetonitrile as a solvent. The mono Pip( = piperidino) derivative, NPCl2NSOClNSOPip, could be isolated in two isomeric forms from the reaction mixture of cis-NPCl2(NSOCl)2 and piperidine in molar ratio 1:2. The yield of the two isomers was small, as a consequence of considerable polymerization. The preparation of the mono morpholino and pyrrolidino derivatives ofas-NPCl2(NSOCl)2 shows the same phenomenon [3] . Reactions of the isomers of NPCl2NSOClNSOPip with piperidine in molar ratios of 1:2, 1:4 and 1:12 (excess) were investigated and compared with reactions of cis-NPC12(NS0C1)2 with piperidine in a molar ratio of 1:4, 1:6 and 1:14 (excess).
By means of 31 P NMR measurements it could be derived unambiguously, whether substitution had occurred at phosphorus or at sulphur; as 1 3 JP_h] ^ 0, Requests for reprints should be sent to Dr. J. C. van de Grampel, Laboratorium voor Anorganische Chemie, Rijksuniversiteit Groningen, Nijenborgh 16, 9747 AG Groningen, The Netherlands. while | 5 JP_H| -0 and <5PC12 > (3PClPip > ÖPPip2. Additional information about the structures of the isomers of NPClPip(NSOPip)2 andNPPip2(NSOPip)2 could be obtained from 13 C NMR measurements.
Discussion

Aminolysis
From the product mixture obtained by reaction of CW-NPC12(NS0C1)2 (1) with piperidine in a molar ratio of 1:2, using acetonitrile as a solvent, two compounds with formula N3PS202Cl3Pip were obtained in about equal amounts; they could be isolated by fractional crystallization. Each of the compounds shows in the 31 P NMR spectrum only one signal: isomer 2 at 28.6 ppm and isomer 3 at 28.1 ppm. Since no 31 P-1 H coupling is observed, both isomers can be formulated as NPC12NS OC1NS OPip, representing a eis-and trans-configuration (Fig. 1) . A 31 P NMR spectrum of the crude reaction mixture showed that no compounds, where substitution had occurred at the phosphorus atom, were present.
The reaction of NPCl2NSOClNSOPip (2) with piperidine (molar ratio 1:2) yielded a light-yellow oil, mainly consisting of two isomers NPClPipNSOClNSOPip with Ö 31 P values of 21.7 ppm (isomer 4) and 21.1 ppm (isomer 6) respectively.
Like isomer 2, isomer 3 also yielded a light-yellow oil in a reaction with piperidine (molar ratio 1:2). In addition to N3PS202Cl2Pip2 small quantities of N3PS202Cl3Pip and N3PS202ClPip3 were present (mass spectroscopic evidence). The 31 P NMR spectrum showed the presence of the four possible isomers of NPClPipNSOClNSOPip with <5 values of 21.7 (4), 21.3 (5), 21.1 (6) and 19.7 (7) ppm in ratio 2:1:1:6 respectively. At lower field three signals of low intensity were present; viz 28.6 (2), 28.1 (3) ppm. The presence of 2 in the reaction mixture indicates some isomerization of product 3 to product 2. However, it is not possible to decide whether the disubstituted products with chemical shifts of 21.7 and 21.1 ppm arise straight from NPCl2NSOClNSOPip (isomer 2) or by isomerization of the disubstituted products with shifts of 21.3 and 19.7 ppm. The disubstituted compounds formed in the reactions of the isomers of NPCl2NSOClNSOPip with piperidine (molar ratio 1:2) are also found in the reaction of ci<s-NPCl2(NSOCl)2 with piperidine in molar ratio 1:4.
Treatment of cis-NPCl2(NSOCl)2 with piperidine (molar ratio 1:6) yielded a yellow oil, consisting of bis-, tris-and tetrakis(piperidino) derivatives (mass spectrum, 31 P NMR spectrum). Only a very small quantity of a trisubstituted product could be isolated. This product shows in the 31 P NMR spectrum a resonance signal at 24.3 ppm, which points to a formula NPClPip(NSOPip)2 (8) (PPip2 resonates at higher field, see Table I ). In order to obtain a higher yield of 8 (and less polymeric material), a reaction of NPCl2NSOClNSOPip (mixture of the isomers 2 and 3) with piperidine in a molar ratio of 1:4 was carried out. Crystallization of the crude reaction mixture from diethylether yielded 30% of 8.
The fully piperidino substituted derivatives were prepared both from cts-NPCl2(NSOCl)2 and from the isomers of NPCl2NSOClNSOPip. An investigation of the crude reaction mixture of cis-NPC12(NS0C1)2 and piperidine (molar ratio 1:14) indicated the presence of two isomeric forms of NPPip2(NSOPip)2 with <3 31 P values of 14.9 (isomer 11) and 14.1 ppm (isomer 12) in a ratio 5:1. By crystallization from diethylether 9 could be isolated. The reaction of isomer 2 with piperidine (molar ratio 1:12) again led to the formation of both tetrakis(piperidino) derivatives. In contradistinction to the nearly identical results obtained in the two reactions described above, it is surprising that from a reaction mixture of NPClNSOClNSOPip (3) and piperidine (molar ratio 1:12) NPClPip(NSOPip)2 (8) could be isolated in addition to NPPip2(NSOPip)2 (9).
In Table I the 31 P NMR data of the different piperidino derivatives of NPC12(NS0C1)2 are listed. (2) 28.6 NPCl2NSOClNSOPip (3) 28.1 NPClPipNSOClNSOPip (4) 21.7 NPClPipNSOClNSOPip (5) 21.3 NPClPipNSOClNSOPip (6) 21.1 NPClPipNSOClNSOPip (7) 19.7 Zrans-NPClPip(NSOPip)2 (8) 24.3 NPClPip(NSOPip)2 (9) 24.1 NPClPip(NSOPip)2 (10) 23.7 £rans-NPPip2(NSOPip)2 (11) 14.9 cw?-NPPip2(NSOPip) 2 (12) 14.1
Structure assignment for NPPip2(NSOPip)2 and NPClPip(NSOPip)2
By means of 31 P NMR, IR and mass spectroscopy it could be determined to which atom (P or S) the amino ligands are attached; 13 C NMR was used to get further information on the structures of NPPip2(NSOPip)2 (11) and NPCl(NSOPip)2 (8). Neglecting differences in ring conformation two isomeric forms of NPPip2(NSOPip)2 are possible (Fig. 2) . As in the cis-structure the two amino ligands at phosphorus have different chemical environments, it can be expected that in the 13 C NMR spectrum of this isomer the corresponding C-atoms of the two amino groups attached to phosphorus resonate at somewhat different field strenghts. In the fraws-structure the two amino groups at phosphorus are equivalent. Both in the cis-isomer and the irarw-isomers the amino ligands attached to sulphur are equivalent.
The i3C NMR spectrum of NPPip2(NSOPip)2 (11) recorded in CDCI3 clearly indicate that the amino ligands attached to phosphorus are equivalent; of course, the same holds for the amino ligands at the sulphur atoms (see Table II ). In order to exclude that, using CDCI3 as a solvent, some signals coincide by chance, the spectra were also recorded in CeD6. As the same results were obtained, it is very probably that isomer 11 has a structure with transconfiguration of the two oxygen atoms. It follows, that the configuration of the oxygen atoms is eis in isomer 12. However this compound could not be obtained in a pure state.
The 13 C NMR spectrum of NPClPip(NSOPip)2, recorded in CDCI3, shows that the C(l) and C(l') atoms of the piperidino groups attached to the two sulphur atoms absorb at different fields (see Table  II ; the numbering of C-atoms is given in Fig. 3 ). This means that the two piperidino ligands at the sulphur atoms have different chemical environments. The difference between the C(3) and C(3') atoms and also between the C(5) and C(5') atoms obviously is too small to give rise to different signals in CDC13 as a solvent. However, using CeD6 as a solvent, the chemical inequivalence of both the C(l) and C(l') atoms and of the C(3) and C(3') atoms can be observed. These results indicate that the compound NPClPip(NSOPip)2 (8) has a struc-
ture in which the piperidino ligands attached to the sulphur atoms are in a Jraws-position (Fig. 4) .
Reaction pattern
Like the aminolysis of cis-NPCl2(NSOCl)2 by Me2NH [1] or £-BuNH2 [2] in acetonitrile, the aminolysis by piperidine shows that the chlorine atom attached to sulphur is replaced first. As has already been pointed out steric reasons -small intramolecular distances between the chlorine atoms to oxygen, 4.342, 4.893, 3.507 A [4] in comparison with the sum of the van der Waals radii 3.6 A [5] -force the reaction to take place at sulphur by an SN 1 mechanism [1, 2].
The second substitution step takes place at the phosphorus centre. As no structural data of the mono (piperidino) derivatives are available it is not clear whether a suitable configuration or the increased negative charge on the ring now favours an attack at the phosphorus atom.
From the introduction of the third piperidino group at the remaining SOC1 centre one can conclude that in a nucleophilic substitution reaction an SOC1 centre is more reactive than a PClPip centre.
Experimental
All experiments were carried out under dry nitrogen. Piperidine was purified by distillation over KOH pellets. Solvents were purified and dried by conventional methods. The compound eisNPCl2(NSOCl)2 (1) was prepared according to published methods [3, 6] . Element analyses were carried out at the Microanalytical Department of this University under supervision of Mr. A. F. Hamminga. Infrared spectra were recorded on a Hitachi EPI-G spectrophotometer using KBr discs; calibration was performed by means of polystyrene film bands. The mass spectra were taken by Mr. A. Kiewiet (Department of Organic Chemistry of this University) on an AEI/MS 9 mass spectrometer at 70 eV, using an accelerating voltage of 8 kV; the samples were introduced directly by a conventional inlet system. The 31 P and 13 C NMR spectra were recorded by Mr. R. H. Fokkens (NMR Department, University of Amsterdam) on a Varian XL-100 FT spectrometer at 40.5 MHz and 25.2 MHz, respectively; chemical shifts were determined relative to the external standards 85% H3P04 ( 31 P) and TMS ( 13 C) at 37 °C and defined as positive in low-field direction. The deuterium resonance of the solvent CDCI3 or CeDß was used for field-frequency lock.
Reaction of cis-NPCl2(NSOCl)2
(1) with piperidine (molar ratio 1:2) A solution of 60.0 mmoles of piperidine in 70 ml of acetonitrile was added dropwise, over a period of about 30 min, to a stirred solution of 30.0 mmoles of cis-NPCl2(NSOCl)2 in 600 ml of acetonitrile, cooled at -15 °C. The mixture was allowed to warm slowly to room temperature and was stirred for about 17 h at this temperature. After evaporating the reaction mixture under reduced pressure until dry, the residue was extracted three times with diethyl-ether. Cooling the ether extracts at -20 °C gave 4.0 mmoles of NPCl2NSOClNSOPip (3) with a melting traject of 129-132.5 °C (uncorr.). After two recrystallizations from diethyl-ether 3.0 mmoles (-10%) of the analytically pure compound with a melting point of 139-140.5 °C (uncorr.) could be obtained.
By adding n-pentane to the remaining ether solution and cooling at -20 °C, 4.0 mmoles of another isomer of NPCl2NSOClNSOPip with a melting traject of 73-77 °C (uncorr.) were obtained. This isomer could also be obtained in an analytically pure state by means of recrystallization from diethylether: yield 3.0 mmoles = 10%. It is remarkable that this isomer can crystallize from diethyl-ether in two crystal modifications, one melting from 83-84.5 °C (uncorr.); the other melting from 92.5 to 93.5 °C (uncorr.). The IR spectra in CCI4 solution and 31 P NMR spectra in CDC13 solution of the two modifications are identical. Reactions 2-6 were carried out under analogous experimental conditions as described under 1. Only the method of isolation and purification is given. The composition of the mixtures was determined by mass and 31 P NMR spectroscopy.
2 with piperidine (molar ratio 1:2)
The evaporated reaction mixture was extracted with diethyl-ether. Evaporation of the ether extracts yielded a light-yellow oil, consisting of two isomers of NPClPipNSOClNSOPip (4 and 5) and a very small amount of fraws-NPClPip(NSOPip)2 (8). Separation of the products by means of crystallization or thin-layer chromatography failed.
3 with piperidine (molar ratio 1:2)
See for details experiment 2.
A mixture of isomers of NPClPipNSOClNSOPip (4, 5, 6 and 7) was obtained in presence of small quantities of Jraws-NPClPip(NSOPip)2 (8) and two isomers of NPCl2NSOClNSOPip (2 and 3). Separation of products failed.
1 with piperidine (molar ratio 1:4)
In this reaction considerable amounts of polymeric material were formed.
See for further details experiment 2. A mixture of isomers NPClPipNSOClNSOPip (4, 5, 6 and 7) together with small amounts of 8 was obtained. Separation of the products failed.
1 with piperidine (molar ratio 1:6)
See for further details experiment 2. The reaction mixture contained the isomers NPClPip(NSOPip)2 (8, 9 and 10) and small amounts of NPClPipNSOClNSOPip (4, 5, 6 and 7) and of <rans-NPPip2(NSOPip)2 (11). By recrystallization from diethyl-ether only isomer 8 could be isolated. Yield 5%.
2 and 3 (mixture of isomers) with piperidine (molar ratio 1:4)
The evaporated reaction mixture was extracted with diethyl-ether. Addition of w-pentane to the extract and cooling at -20 °C gave transNPClPip(NSOPip)2 (8). Recrystallization from ether yielded white crystals (m.p. 140-141.5 °C; yield 30%). To a stirred solution of 12.0 mmoles of piperidine in 30 ml of acetonitrile, cooled at -15 °C, a solution of 1.00 mmoles of NPCl2NSOClNSOPip (2) in 30 ml of acetonitrile was added dropAvise over a period of about 30 min. This mixture was allowed to warm slowly to room temperature and stirring was continued for about 17 h at this temperature. Extraction of the evaporated reaction mixture with diethyl-ether and cooling the ether extract at -20 °C yielded 0.16 mmoles (=16%) of transNPPip2(NSOPip)2 (11), m.p. 115-117 °C.
Evaporation of the remaining ether solution yielded a yellow oil. On account of the 3 ip NMR and mass spectrum of this oil it could be decided that in addition to the tetrasubstituted compound 11 with a 3ip resonance signal at 14.9 ppm, another fully aminolyzed product with a 3 ip resonance signal at 14.1 ppm was present in minor amounts. Reactions 8-9 were carried out under analogous experimental conditions as described under 7. Only the method of isolation and purification is given. The composition of the reaction mixtures was determined by mass and 3 ip NMR spectroscopy.
3 with piperidine (molar ratio 1:12)
The evaporated reaction mixture was extracted with diethyl-ether: addition of w-pentane to the extract and cooling at -20 °C gave 8. By recrystallization from ether 8 was obtained in a pure state. Yield 38%, m.p. 140-141.5 °C.
Partial evaporation of the mother-liquor and cooling at -20 °C yielded 11, which was recrystallized from diethyl-ether. Yield 17%, m.p. 115 to 117 °C.
1 with piperidine (molar ratio 1:14)
Extraction of the evaporated reaction mixture with diethyl-ether and cooling the ether extract at -20 °C gave 11, which was recrystallized from diethyl-ether. Yield 36%, m.p. 115-117 °C.
Evaporation of the mother-liquor gave a yellow oil consisting of 11 and 12. Separation of the isomers failed.
